A substantial reduction in lung volumes occurs after sternotomy, but the mechanism or mechanisms are unclear. Measurements were made of lung volumes and of chest wall motion with four pairs of magnetometers (two pairs for anteroposterior rib cage, one for lateral rib cage, and one for anteroposterior abdominal dimensions) in 16 men before and one week and three months after coronary artery grafting. Reductions in all lung volumes occurred after sternotomy and were greater in the supine than in the sitting position. 
week after surgery, with almost complete recovery at three months. One week after sternotomy there was a significant reduction in tidal volume from a mean (95% confidence limits) value of 0-88 (0-76-100) litre to 061 (052-070) 1, and in supine rib cage displacement from 3-87 (1P96-5-78) mm to 044 (-061-1.49) mm in the lateral plane. Respiratory frequency increased from 16 (13) (14) (15) (16) (17) (18) (19) to 21 (19-24)Imin. Coordination of the rib cage was assessed by measuring the difference in timing of onset of chest wall motion and airflow in four planes. At one week nine of 14 patients showed uncoordination between airflow and rib cage motion in one or more dimensions, and this was still present in three patients at three months. No loss of the temporal relation between airflow and abdominal wall motion was detected. The results suggest that reduced and uncoordinated rib cage expansion contributes to the restrictive ventilatory defect that follows median sternotomy.
A restrictive ventilatory defect follows median sternotomy.'7 Vital capacity (VC), FEVy, and function residual capacity (FRC) may fall to as little as 40% of preoperative values one to three days after coronary artery bypass grafting,6 and the changes are generally more pronounced after use of the internal mammary artery than after saphenous vein grafting.6 By the end of the first postoperative week lung volumes are increasing,7 and at three months recovery is almost complete. breaths on each occasion the patient was studied. In addition, the amplitudes of volume and linear displacements from end expiration to end inspiration were calculated during a further 60 breaths. The net linear displacement defined in this way is inevitably Manubrium affected by the phase angle; in the example shown in figure 2 delay in linear motion (positive phase angle) implies reduced expansion in this dimension between end expiration and end inspiration. In the most extreme case dimensional change would be of opposite sign to volume change throughout the cycle and the corresponding "phase angle" would be Xiphoid 1800.
Baseline ranges for phase angles for each dimension were established from the pre-J operative study and postoperative values outside this range of mean and two standard deviations were regarded as abnormal.
In eight patients respiratory muscle func- Values of p (*p < 0-05, tp < 0-01, **p < 0-001) were derived from paired t tests of contrOl and postoperative data. Maximal expiratory pressure fell significantly; there was a slight reduction in maximum inspiratory pressure, but this was not significant ( Fluid that accumulates in the lungs after car- function postoperatively and showed normal phrenic nerve condution times in 11 of 12 patients after saphenous vein grafting, suggesting that phrenic injury is unlikely to contribute to volume reduction in most patients. In the present study indirect indices of diaphragmatic function (Pimax, abdominal motion phase angle, and chest radiograph) support the conclusion that weakness of the diaphragm was not a factor in the postoperative change in pulmonary function. The small but significant decrease in supine abdominal wall displacement during tidal breathing at one week might be explained by the extension of the sternotomy into the upper abdomen, producing reflex inhibition of motion.'6 Similar factors may account for the impressive reduction in PEmax, which presumably reflects impaired function of the abdominal wall muscles. Pleurotomy seems unlikely to be relevant to the abnormalities found: mobilisation of the left internal mammary artery was performed without pleurotomy if possible, and the pleural space was entered in only two patients; furthermore, the patients who had only saphenous vein grafting showed changes similar to those of the ones who also had internal mammary artery grafting. No patient had an intercostal drain, which may increase respiratory abnormalities. ' 6 The possibility that alterations of rib cage mechanics' 4 play a part in the reduction of lung volumes is suggested by the generalised decrease in rib cage motion and the relation between the decrease in vital capacity and the reduction of lateral rib cage motion. Two patterns of abnormality of chest wall movement were identified. Five patients had a simple reduction of displacement in one or more planes without any significant changes in the timing of the onset of chest wall motion; the remainder had abnormalities of timing of chest wall motion and consequently reduced displacements. The presence of frank paradox of the lateral rib cage dimension in four patients represents an extreme form of this type of discoordination. A possible mechanism may be trauma to the costovertebral joints, producing reflex inhibition of intercostal muscle contraction such that the rib cage is unable to resist the inward force of diaphragmatic contraction. '7 There may also be a change in the bony configuration of the chest wall after sternotomy with a increase in thoracic spinal curvature and lowering of the ribs. '8 We conclude that the restrictive ventilatory defect that follows median sternotomy is likely to be due in part to alterations in rib cage mechanics.
